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FOREWORDn

" This report covers work conducted from 16 January 1967 through 30 June 1967
: by Fairchild Hiller, Republic Aviation Division under Contract No. DACA39-

~67-C-0003, "Research Study for the Design of a VTOL Blast Controlling Plat-
< form." The contract was negotiated under 10 U.S. C. 2304(a)(11) and sponsored
Sby U.S. Army Alateriel Command. Payment is to be made Sy Special Disbursing

A

Agent, U.S. Army Engineer Waterways Experiment Station, Corps of Engi-
{ neers, P.O. Box 63 1, Vicksburg, Mississippi. Supplies and services obtained

are authorized by and chargeable to Midlitary Allotment 21X2040 708-3508 P5910
: . (5 022- 66) S22 -079.

Mr. John J. Brown was the Fairchild Hiller Program Manager. Mr. Michael
- Picchtello and Mr. Frank Ringler were in charge of development of the design
; concept. Mr. Daniel Dayboch and Mr. Warren Dervin conducted the thermo-
[ dynamic study under the direction of Mr. Carl Roberts. .Mr. Aaron Merkin and

Mr. Robert Moss were responsible for the structural analysis which was super-
vised by Mr. William Harris. Design requirements were formulated by Mr.
Richard Oliveto and Mr. Frank Dellosso. The material survey was conducted

~by Mr. Julius Stock under t.he direction of Mr. Henry Kleindienst.
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ABSTRACT

The feasibility of the concept for a portable blast-diveting platform for vertal
takeoff and landing (VTOL) aircraft was previously demonahraed by scale model
tests. The platform would be assembled in the Reld from modules. Each module
consists of a structural base contafning air-deflector vanes and a load-bearing,
gridded top. The platform would direct aircraft exhmust blas away from the air-
craft and Into the air to prevent terrain erosion, hot gas ingestion, adverse ground
effects, and telltale "signature" generated by miitary activity.

The present research study to develop a design concept for a MI-scale portable
modular platform included thermodynamic considerations, establishment of
design criteria, a materials survey, and structural analyses. In the develop-
mnnt of the design concept, ease of handling and field erection of the platform,
minimization of upecial tooling, use of simplest manu heturing procedures,
and cost savings in all areas were also considered.

The study demonstrates that this type of modular platform can be designed for
use with aircraft of various weights and engine exhaust characteristics.

I
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LIST OF SYMBOIS AND ABBR.EVIATIONS

A

THERMODYNAMICS

A = required platform discharge area, ft2

A crs etonrea of the jet, f?IrA = platform surface heat transfer aea, f?2

~ ~At  -total attenuation of sound between source and receiver, the ""'

algbraic sum of the attenuaton values result frm a nmlr

of factors, A1 , A2 , A3 , and A4 , db.

A attenuation due to distance, db

A2  = attenuation due to interaction with the atmospbere, db

A3  = attenuation due to shielding, db

A4  = attenumon due to building enclo,..ure, db

C = ambient sound veloc ty, ft/seca

C = specific heat of the platorm, Btu/lb "F

D7 diretftv,- mdxd

d = diameter V exhaust nozzle, ft V

da  = distance from source to receiver

F net thrut ki
2

g = acceleratoz 'ue to gravity, ft/sec

h = platform sarfak, heat transfer coefficient, Btu/hr OF ft'

M mas of platform, lb

p = platform discharge static pressure, psia

A = acoustic power, watts

= reference power, 16 - 13 watts
0

I .

vii
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LIST OF SYMOLS AND ABBREvIATIONS (Cont'd)

P. = kinetic energy per unit time of the jet stream, watts
31

PWL = acoustic power level of the source, db reference 10- 3 watts

Q. = dynamic pressure at nozzle, lb/ft
3

SPLR = sound pressure level at the receiver, db reference 0.0002
microbar

T = temperature of the platform at any time, °F

Ta = ambient temperature, OF

TE = platform discharge static temperature, °FEI
Tf = platform exposure temperature, OF

T. jet nozzle exhaust temperature, *F
To  = temperature of the platform at time 7 =0, 'F

T = T-To, OF

V = velocity of gas at platform discharge, ft/sec

V. = expanded jet velocity, ft/sec3

W = 'as flow, lb/sec

x = height of nozzle above ground, ft

7 = acoustic efficiency

p = density of gas at platform discharge, ib/ft3

Pa = ambient density, lb/ft

pi = density of the jet stream, lb/ft3

viii



US? OF SYMBOLS AWABMMMITMOa (COftlOY

Jr = time, hr

a.I MC/bA,hr

(9 = - "Ta) T T)

STRUCTURES

A area, in.

Ar = area inbearing, n. 2

A = area in shear, in.

A = area In tension, in.2

b = base of elemer, in.

c = ~i-ta ce from neutral axis to extreme fiber, In.

c = end fixity coefficient for columns

D = diameter, in.

E = modulus of elasticity in tension, psi

e-= edge distance from center'of hole, in.

Fb  bending stress, psi

Fbr = bearing stress, psi

Fb ultimate bearing stress, psi
bru

F = compression stress, psi

F = compression yield stress, psicy

F = shear stress, Psi

F = ultimate shear stress, psi
su1

Ft  = tensile stress, psi

Ftu = ltirnate terile stress, psi

ix
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,SLMT O SYM LSA: Av=Eii'O, (C2'antfd)

SFg = eand Le stress, pai
ty

h = height of element, in.

I = moment of inertia, in. 4

Kt  = tension efficiency factor for lugs

K = bearing efficiency factor for lugs

Kbry = yield factor for lugs

L = length, in.

= effective length, in.

M = bending moment, in. lb

M. S, = marginm of --fe

P = concentrated load, lb

Pbru = uitimate bearing load, lb

P = ultimate tensile load lb

P = yield tensile load, lb
ty

P = limit load, lb
y

p = pressure, psi

R = reaction, lb

Rb  = bendwg stress ratio

R = shear stress ratio5

r = radius, in.

T = tension, lb

t = thickness of material, in.

V = shear

W = v'dth of lug, in.

x
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LD3T OF 8SUBOIS AIM-ABD 'flONTS (ConV)

w = uniformly distriluted loard, lb/i .

y = distance from neutral axis to given fiber, in.

= distance from neutral axis to reference axis, in.

angle, degrees

p = radius of gyration, In.

6 = angle, degrees
L

= slenderness ratioP

A = deflection, in.

Subscripts

R = right

all = allowable

max = maximum

min = minimum

MATERIALS

A-286 = An industry designation for an iron-base superalloy.
AMS = Aeronautical Material Specification. Specifications for aircraft

use published by the Society of Automotive Engineers.

F = Ultimate tensile stress (taken from standard tensile specimens)

F = Tensile yield stress at a permanent strain equal to 0.002 In.
(0.2%) taken from standard test specimen.

xit
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oT OF SY lonS A ID A EM -7IN (Canotd) tI
ong. in 2 in. = A measure of ductity of the material based on a

tension test using a gage length of 2 inz-hes on the
tensile specimen -

UTS ultimate tensile s-trength

0.2% YS = The yield strength in ksi taken fron the stress-strain
ca.rve at an effset of 0.002 in. or 0.2%,

Consutrode = electric vacuum (refining) melting process.

= coefficient of linear thermal expansion, in./in./*F 1 0- 6

Charpy V-Notch = An impact test specimen incorporating a V-notch
used to establish the energy in foot pounds to fracture
a material (see Federal Test Methods No. 151).

xi
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NTRODUCTON

A concept was developed for a portable blast-diverting platform for vertical
takeoff and landing (VTOL) aircraft which would divert the aircraft exhaust bast
away from the aircraft and direct it into the air and thus avoid terrakn erosion,
hot gas ingeation, adverse ground effects, and enemy detection, The platform
would be assembled in the field from modular sections, each fection containing
deflector vanes and being topped by a load-bearing grii--

Primarily, this concept is based on the operation of VTOL aircraft from the
same ground environment as that of the combat %idts to which the aircraft is
attached. The modular construction of the platform makes deployment by para-
chuts, helicopter, or truck feasible, and erecton can be accomplished rapidly
with a minimum of equipment.
Logistically, the blast-diverting platform creates a mobile VTOL base that cn

ibe moved to new sites along with the troop support equipment. Several non-
directive modules along the perimeter of the platrm, in nonexhaust areas,
can be used to strre aircraft maintenance tools and support equipment.

The feasibility of this concept was previously demonstrated through scale-
;model testing by Republic Aviation Corporation. *

The purpose of the present research study is to develop a design concept for a

full-scale portable modular platform,

•*See Feasibility Stdy an the Design and Development of a VTOL Blast Controlling
P atorm, Report No. 3-123, August 1965, sponmsored by the U. S. Army Materiel :
Commnd.
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SECTION Ii
DEVELPMENT OF DESIGN CONCEPT

To establish platform characteristics and functional effectiveness which will
result, after future detail design, in the production of platforms which ap-
proach the optimum satiEfaction of their requirements, several related
factors must be considered. Existing and proposed VTOL aircraft vary in
configuration; weight; 1ype of thrust components; temperature, velocity,
and volume of exhaust blast; and location and size of engine exhaust blast
areas. These factors, wher combined, affect the platform size, structuralrequirements, materiaconf~guration of deflecting vanes, and platform ex-

haust area. Additional eval~utions must be made with regard to the size and
weight of the basic module, the ease of fabrication, the simplification of
tooling, the minimization of material and manufacturing costs, transportation,
the ease of site preparation and platform assembly in the field, as well as the
thermodynamic, aerodynamic, and structural aspects of design.

All of the above factors have been considered in the development of the plat-
form design concept. Thermodynamically, engine exhaust characteristics
for various types of VTOL aircraft, maximum platform exposure tempera-
tures during takeoff and hovering, platform transient heating, platform ex-haust gas discharge areas, and acoustic effects were considered to be per-
tinent to design. Design criteria were established with respect to module

size, module weight, aircraft landing weight and load factor, tire footprint,drag loads, dr-it loa, platform temperatu-re, ad ser.ice le. -The

materials survey was conducted with regard to their suitability from a
mechanical, physical property, cost, and fabrication standpoint for platform
construction.

The physical design concept was based on several factors of prime impor-
tance. All modules were to be the same in construction for any particular
platform. Fabrication, in production quantities, shall require a minimum
of tooling. Structurally, the maximum strength to weight ratio consistent
wvith other design considerations was the goal to be achieved.

The following sections of this report are presented to indicate the manner in
which satisfaction of the above requirements was attempted. They also con-
tain information from which parameters for the factors affecting design can
be established.

44
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o ~SECTON Mt

THERMODYNAMIC CONSIDERATIONS

A. ENGINE EXHAUST CHARACTERISTICS

To design a VTOL blast controlling platform, the magnitude of the following
parameters must be established, i.e., engine exhaust pressre, tevmweratare
and velocity. Since there is a wide variation in these parameters for various
types of engines depending on the aircraft installation, upper limits must be
established in order to evaluate the overall effect on size, weight, and cost of
the platform.

4n addition, continuing engine design studies, necessitated by an ever in-
creasing need for improving the overall performance of VTOL aircraft, havebeen in progress for some time and are still in progress. Therefore, ato

present, upper limits of some engine exhaust parameters have not yet been
reached.

Table 1 presents data from Reference 1 (dated November 1964) which gi-'-e the
disc loading, temperature of the exhaust, and exhaust velocity of various lty-pei
of VTOL aircraft designs. The figures in parentheses are the best estimates
for future aircraft.

Table 1- Engine Exhaust Characteristics (Nov. 1964)

Disc Loading Temperature of ExhaustVelocityType of Aircraft lb/ft2  exhaust, OF ft/see

HelicoWer 6.0 300.0 380.0

Propeller 50.0 300.0 580.0

Ducted Prop 100.0 300.0 650. 0

Lift Fan 310.0 500.0 (1000) 650.0 (

Turbofan 650.0 730.0 (1500) 1675.0 F

Jet Non A/B 1250.0 (2700) 1500.0 (2000) 1675.0 (2200)

Jet A/B 2750.0 3000.0 (350;) 2000.0 (2700)

Since the proposed VTOL blast controlling platform is to be used at advance
bases, the parameters noted in Table 1 will have full effect for only a very
short duration (just prior to takeoff and while the aircraft is within five
nozzle diameters above the ground, Reference 2).

3 
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4B. MAXIMUM EXPOSURE TEMPERATURE --TAKEOFF

The maximum platform temperature will be attained during takeoff. After
start up, the lift engines are opersted at idle power for a period of time until
the pilot ascertains that engine operation is normal. During this time it is
assumed that the platform will reach the idle jet temperature. The throttle
is then advanced to maximum power for takeoff. For the most conservative
condition (longest takeoff time) maximum power operation is assumed to pro-
duce an engine lift to aircraft weight ratio of 1. 05. In the absence of ground
suction, lift off will start when the lift to weight ratio just exceeds 1. 0 or

95% maximum thrust. The jet exhaust temperature is highest at maximum
thrust and the platform will be exposed to this maximum temperature for the
time it takes the aircraft to ascend a distance of five nozzle diameters above
the platform.

I C. MAXIMUM EXPOSURE TEMPERATURE - HOVERINGI After takeoff the aircraft could possibly hover close to the ground for 120
seconds. The engine would be operating at a lift to weight ratio of 1.0 or 95%
maximum thrust under this condition. During this time, if the aircraft werehovering five diameters or less above the platform, the platform would be ex-

I posed to the maximum hover temperature, which would be somewhat lower than
the maximum thrust temperature. At heights over five nozzle diameters, the

-~ platform will be exposed to temperatures that are determined as a function of
the nozzle height above the ground.

I Figure 1 shows the temperature that the platform surface will be exposed to
as a function of the ratio of height above the ground to the exhaust nozzle 1diameter. This figure was derived from Reference 2 which gives the gener-
alized formula for the platform exposure temperature as

0 =4.8 for x>5

d d

where 6 is the dimensionless parameter equal to (Tf- Ta)/(Tj -Ta)

T = ambient temperature, OF
a 1

Tj = jet nozzle exhaust temperature, OF

Tf = platform exposure temperature, OF

x = height of nozzle above ground, ft

d = diameter of exhaust nozzle, ft

Ii x/d is dimensionless

For x/d less than five, the platform exposure temperature Is equal to the exhaust
nozzle temperature.

4
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D. TRANSIENT HEATING - PIATFORM MATIUM TEERATURES

To calculate the temperature rise f the platform during ths start-u, lift-off,
and hover conditions the platform is assumed to be heated initially to t
nozzle exhaust gas temperature at idle power. On throttle advance to maxi-,
mum power the platform is suddenly exposed to the mmximum nozzle exhaust
temperature, The platform will -each this temperature in infinite time.

Reference 3 gives the following theoretical relationship for the rate of tem-perature rise, AT applicable to this case as

T
-'AT T-T 0 =(Tf-T)(,-,_ C ),(2)

MC
where , =-

hA

S= time, hr

T = temperature, °F, of the platform a aty time r

T = temperature, °F, of the platform at time T = 0

Tf = platform e.xosure temper-are, °F

M = Mass of the platform, lb

C = specific heat of the platform, Btuilb0 F
p

22
h = platform surface heat transfer coefficient, Btu/hr°F ft2

A s = platform surface heat transfer area, ft2

The assumption Is made that the platform is uniform at any instant- that is, the
resistance of the platform to heat flow is negligible.

Figure 2 gives the temperature rise with respect to time for various platform
weights. For this typical curve the following was assumed

Tf = 2000°F

To =900OF

As =8ft
2

C = 0.10 Btu/lb F (steel)
p.

h =40 Btu/hr f F

Figure 3 shows similar curves for Pfterburner (A/B) ergines that give naximum
platform exposure temperatures of q0OO*F and 3500°F.

6
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E. PLATFORM GAS DISCHARGE

Another importut cnideratlon in fthe design of a VTOL blast controlling
platform is the discharge of the aircraft exhaust gases and entrained air from
the platform. This can be accomplished by allowing the gazes to dischage
from the end or ends of the platform. Vanes can be used to divert the gases
in any specific direction desired.

The gases must be dischared from the pleIform without causing ground
erosion. To hold ground erosion in the vicinity of the platform to a minimura,
it has been shown through experimental tests, Reference 4, that the diharge
velocity should be in the order of 500 ft/sec. Thereforeq tke platform exhaust
area should be sized to give an exit velocity not greater than 500 ft/sec.

For this flow velocity, the discharge area required is dependent on the total
mass flow of aircraft Jet exhaust gases combined with entrained air and the
density of the gas mixture.

Figure 4 depicts the required platform discharge areas to obtain a velocity of
500 ftsec as a function of the gas flow at constan density. For this
analysis a constant exit static pressure of 15 psia was assumed. Two dif-

_ ferent exit static temperatures, TE were chosen to show their effect on the
rq 1re d-exit areas. The curves are based on the basic equation

W= PAV (3)

where:

W = gas flow, lb/sec

p # density of gas at platform discharge, lb/ft
req=red platform discharge area, fte

V = velocity of gas at platform discharge, ft/sec

The actual area available for gas discharge is the product of the platform
discharge length and the platform height. The platform length and width is
determined by the aircraft size, so that only the platform height can be varied
to maintain an ext velocity of not greater than 500 ft/sec.

To keep platform height to a reasonable minimum, the exit velwiity, V may
exceed 500 ft/sec. The effect of high discn arme velocity can be controlled, if
necessary, by adding diverters downstream from the platform exit to deflect
the discharge gases away from the ground plane. Deflecting vanes mounted
internally at the discharge end of the platform were considered. This solution
was rejected because of the reduction in exit area and consequent increase In
platform height required.

F. ACOUSTIC EFFECTS

In order to properly dsip a VTOL-blastcontrolling platform, th noize
level derived from the aircraft must be knon. The procedure ued for this
study has been derived from Reference 5.

9
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1[, The amount of sound transmitted froin arcraft some distance away i#
governed by tp, sound source and its direction and by the af ,.atoa along

[. the souna path. The sound received may be found from .te foliwtzg eqyuatm

I'SPL.=PWL +D% -At (4)

Vwere

SPLR = sound presmire level at the rece-iver, db reference 0. 0002
microbar

1PWL acoustic power level of tie source, db reference 103 wafts

DIs =directivity index of the source in the direction of propagation,s db

A = total attenuation of sound between source and receiver, db.
t This total attenuation is the algebraic sum of the attenuation

values resulting from a mnber of factors

1. Acoustic Power Level (PWL)

The acoustic power, A' in watts, radiated by a sound source Is

StatesdW tx-ms of the acoustic power level (PWL) of the source:

PWL = 10 log10  (PA/PA ) decibels (5)
0

where PA , the reference power, equals 10-  watts. The
acoustic power f-&aL, is relatd to the kinetic energy per unit

j of time in the jet stream by so--e Sco-diuefficiency, 77
PA = 7PJ = 1/277 PAj Vj3 (4.21 x 10 - 2) = 1/27FV (1. 356)

where

P = kinetic energy per unit of time of the jet stream, watts

p = density of the jet stream, lb/ft3

Aj = cross sectional area of the Jet (usually taken as the
tail pipe exit area of the jet engine), ft2

V = expanded jet velocity, f /sec

Figure 5 gives the acoustic conversion efficiency, 7, plotted
against the ratio of expanded Jet velocity, V, to ambient sound ve-

locity (outside the jet stream) Ca. The parameter of the curves is

Pi/ a(Tj/Ta)2 wbere mi are, r ctvely, the ambiet and

a1
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jet densities, and T and T are, respectively, the ambient
and let absohite tempe;Zhes. The slope of the diagonal
lines to defermined by the Lghil parmeter Reaertee 6)

%thin the region whiere the seoustle effiiecy is not limited (turbo-
jet engines operating at military power) the acoustic power is

proportional to the Ighthill parameter (Reference 7).

For engineering purposes, typical values may be chosen for I and

C so the Lghthill paramzbtr can be used to obtain the following
expression:

= 26.6 + 20 loglod + 80 log,( (F/W)

where db r e f e re n c e 10 -I w at ts  I

d - jet exit nozzle diameter, ft

F = net thrust, lb

W = gas flow, lb/sec

This exp-ressionis plotted in Figure 6.

Methods for predictingthe acoustecpower level of a jet &eng after-
burner operation are predomlnatly empirlcal. C-e of the most
convenient of these is illustrated on Figure 7, where the inere-
ment in acoustic power level above that of military power is plotted
against the increase of thrust resulting from the aerburner. Fig-
ure 6 may be used to estimate the PWL during military power op-
eration while Figures 6 and 7 may be used for afterburner opera-
tion. For other engine operations Equation 4 may be used.

2. Directivity Index - (DI )

Since the jet oxhaust from the aircraft is not a simple source of
sound which radiates the same amount of power in every direction
but rather is "directive" in that it radiates different amounts of
acoustic power in different directions, a correction factor must be
utilized in estimating the sound pressure level at the receiver.

The directivity pattern of jet noise is generally assumed to be
symmetrical about the ais of the jet and reaches a maximum in
a cone about 400 to 50 ° from the jet exhaust.

From Reference 5, a series of tests were performed on several
turbojet and turbojet with afterburner engines to determine t
directivity patterns and the sound pressure level assocLated with
them. Based upon this data an average value of -i0 dbwas used for
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this study since the variation in the Directivity bdex woe esti-
mated to be between -15 and +8 db.

3. Total Attenuation (At)

The total attenuation can be considered to Include at!emmUtion from
several sources:

A, - attenuation due to distance, db

A2 - attenuation due to interaction with the atmosphere, db

A3 - attenuation due to shielding, db

A4 - attenuation due to building enclosure, db

Since the source (engine exhaust) is less than 100 ft from the
receiver (the blast platform), A2 maybe neglected. Likewise since

A3 and A4 are nQt under consideration for this spplication they are

neglected.

The diminution of sound pressure level with distance when sound
is radiated from a constant power point source into free space
(the so- rce is far from the ground) is called spherical divergence.
Since the surface area of the sphere is proportional to the square
of the radius of the sphere, the propagation loss due to dietance is:

A= 1 logo 4wd1 2  (8)
where

da = distance from source to receiver, ft

For sound radiating into half space (the source is close to the
ground) hemispherical divergence is found. Assuming the ground
plane to be a perfect reflector the propagation loss due to distance
is:

A, = 10 log1 0 2, da2

For this application the hemispherical divergence is employed.

4. Sample Calculation

To illustrate the use of the curves and equations given in this
section a sample calculation will be given.

Given:
Lift Turbojet Engine Characteristics

Thrust, F = 14, 820 lb
Expanded jet velocity, V = 2200 ft/sec

16



j. hdaust gas temperatudse 200T

A Atrf low =162 1b/We,,

Nozzlediametar 20 in.

Calcu nt:Ions:

A. Aeopsic -efficency . "-

- 6 =1. 975
a
T 22

( 2) = -(2460) =22.4
Ta 52

'___ - 2700 b/ft2 (dynamic pressur

2700 (2g) 0. 0359 lb/ftI 2
0. 0359 = 0.47

ID a 0.0765

( T. 2! .-I-) = 10.5

paT

1= -2 from Figure 5 fora-- 1. 975
71 C a

B. Acoustic Power Level (PWL)

A1 ?1 V~ (1. 356)

P (10-(14,820) (2200) (1356)

PA 2.21 x10 watts

17



-- = 1 0 l o g 2 1 ) .1 0
PWI= 18.4 db

wedgbt flow of 91.8 lbI(Thierac), tbe ae*~ii oo~i~d

~ I C. Sound Presmmr Level at thie Biat Plattorm,

ii Ii

~ t

I?

For a distance of 4.-25 ft between SOUe End plafform
At A lgi 21rd

=10 1ogO 2(3.14) (425.
=20 lo09 1

=20.4 db

SPLR= 183.4 -10 - 20.4

=153 db at takeoff

18s
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SECTION IV

DESIG1 CRRIA

A. INTRODUCTIONIx
This section covers the load and temperature criteria Involved in the stuc-
tural design of the VTOL blast controlling platform. The basie desigm concept
is a sectional or modular t4pe of platform in which each module measures
4 ft by 2 ft in order to be easily portable. Loads and temperatur-s are given
for the Individual module. A weight of 200 to 250 lb for each faeld-handled
component was assigned.

B. AIRCRAFT LANDING WEIGHT AND LOAD FACTOR

An aircraft weight of 50,000 lb was initially selected for the design concept
presented. The limit load factor In landing is 2. 5g which is commensurate
with an aircraft sink speed of 15 ftisec and with a compatible landing gear
shock strut design. For a study of module eizing for the various aircraft
weights of 20,000, 30,000, and 40,000 lb the load factor of 2.Sgwas maint aind.

The foutprint (loading area under the tire) was established by using the higher
level of tire pressures for the oertlnent static rated tire associated with each
aircraft weight. A footprint of 160 sq in. was selected for al aircraft weights.

Table 2. Tire Ratings and F

Aircraft Static Rating Tire Footprint
Weight of Tire Footprint Pressure

lb lb In. 2 lb/in. 2

50,000 25,000 160 156

40,000 20,000 160 125

30,000 15,000 160 94

20,000 10,000 160 63

The above stated pressures are considered conservative from the standpoint

of tire ratings aiud footprinL pressures.

C. TWO-WHREL LANDING

The maximum vertical reaction is combined with a drag load equal to one-
quarter of the maximum vertical reaction of one gear in a two-wheel landing.
For the 50 000-lb aircraft, the normal load on the gear is

20



2 62,5001b. Th3 dragloadis 62,500(0.25) =15,6001b.

D. DRIFT LANDING

The aircraft is assunmd to be in the level attitude with only the mainlauding
gear contacting the platform. The vertical reaction on each gear Is assumed
to be one-balf of the maximimn obtained In the two-point level landing. The
inward acting load and the outward acting load are, reep.otively, 80% and 60%
of the vertical load.

For the 50, 000-lb aircraft:

Tnward acting load = 0 (0. 80) 25, 000 lb
2

Outward actng load = $ (0. 60) 18,750 lb2
E. PLATFORM TEMPERATURES4 The maximum gas temperature at the platform occurs during takeoff- It is
assumed that, after start-up, the engines are operated at idle power for a
sufficieut time to attain heat soak in the platform. Although the exhaust tem-
perati is highest at maximum thrust (takeoff), the platform will be ex-
posed to this temperature only for the short period fliat it takes the aircraft
to ascend a distance of five exhaust nozzle diameters above the platform.
Figure I In Section HI ahows that the temperature to which the pltform sur-
face wil be exposed will be a function of the ratio of height above the ground
to the exhaust nozzle diameter for various engines.

Maximum exposure time will occur at hovering. For determination of de-
sign temperature, the platform will initially be considered heat soaked atI900OF (idle power) with the increase in temperature, At, reslting from the
time of hovering. As regards load and temperature, for the purpose of de-
sign, it is assumed that subsequent to hovering, the aicraft will slip suf-
ficiently to have Its landing gear contact the heated module. A structural
temperature of 10000F was assigned to act in conjunction with the lauding
loads of the 20, 000-, 30, 000-, 40, 000-, and 50, 000-lb aircraft considered
in development of the design concept.

Figure 2 in Section I gives %he temperature rise with respect to time for
various platform weights for non-afterburner power. For a total module
weight, including grid, of 400 lb a temperature rise of 100F above the
900F heat soak would require 42 seconds of hovering at 9. height of five ex-
haust nozzle diameters or less. Figure 3 in Section HI shows similar curves
for afterburner engines that give maximum platform exposure temperatures

4 of 3000°F to 35000F.

I F. ACOUSTICSA
Sound pressure levels (SPL) and their derivations are present~d in Section ilL

21
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SECTION"V

A. INTRODUCTION

As a prelude tW the formulation of the platform design concept, a survey of
materials available for construction was required. This was to assure, that the
materials used are those best suited to the design requirements. Factors
considered In the selection of these materials are the ability to withstandfthe
temperature of exhaust blast, minimum weight without sacrifice of struetrd
Integrity, ease of fabrication, ability to withstand environmental conditions,
and cost as related .j the advantages and disadvantages of the other-factors.

B. MATERIAL REQUIREMENTS

The materials of construction should, in addition to meeting design require-
ments, be readily fabricated and moderate in cost. The base structure will
be assembled with mechanical fasteners, therefore welding will not be re-
qufred. The material or assembly must be corrosion and oxidation resistant,
either through the inherent nature of the material or throusn the use of auxiliary
coatings[

C. MATERIAL SELECTION

The method used for selection of material is presented by analysis of material
requirements for three types of engine exhaust characteristics, those of ad-I vanced turbojet engines with exhaust nozzle temperatures of 20000F and those
of turbojet and advanced turbojet engines with afterburner with exhaust nozzle
temperatures of 3000F and 3500OF, respectively. Using tbe information from
Section 11-A regardL.. exhaust blast temperatures for otfer types of aircraft
and engines, formulae for calculation of platform exposure temperatures, and

applying appropriate design loads, material selection can be made.

D. ADVANCED TURBOJET AIRCRAFT

1. Design Load ReguirementsIThe material for platform construction should have a minimum short time ulti-
mate tensile strength (uts) of 100, 000 psi at 1000F. It shall also be capable of
being exposed to 1200°F under no load conditions for 600 hours without degra-
datioa of subsequent ambient, and 1000*F properties. The material shallin
addition, be capable of being temperature cycled from room temperature (RT)
to 1200°F for at least 10, 000 imes without mechanical property degradation.
Each temperature cycle will Impose design loads of 1 minute duration at 1000°F,
and up to 3 minutes at 900°F. In addition, the material should have a lw coef-
ficient of thermal expansion in order to minimize thermal stresses.

22
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°2. AlattI Selecn

(a) Approach. Two divergent-approaches were undertaken intho
selection of the candidate material. The-flitwas the evaluation of
a stainless and heat resistant alloy which could meet-the design load
requirements Y ithout supplementary beat anfi corrosion resistant

E coatings.

The second approach was theuse of heat resstant, but not
corrosicn resistant, alloy steel with a suplementary low termta

(b) Costs. Heat and corrosion resistant alloy are more ex-

pensive than alloy steels, depending on the alRoy content and
fabrication procedures. However, the basic heat and cor-
zosion resistant alloy chosen (A-286), is oply about twice as ex-

to -make it useful in the temperature range under constderation.

The use of coatings will, however, Increase the-priee of the part
made of alloy steel, the amount of which Is dependent on the type
of coating and method of attachment or application. It is-estimated
that use of a plastic laminate coating will make the part price
equivalent to one made of the heat and corrosion resistant steel.
Coating costs are discussed additionally in paragraph 5 below.

3. Material Properties - Steel

(a) Alloy A-286. The heat and corrosion resistant alloy A-286 is
an iron-base precipitation hardening steel, wilch is available in
bar, sheet, tubing and forgings, with appropriate AMS specifica-
tions. Its mechanical properties are detailed In MIL-HDBK-5,
unless otherwise stated. Its approximate price per pound for
sheet is $2.15.

The minimum room temperature mechanical and physical

properties are (bar, forging, tubing; consutrode melted):

Fin = 140,000 psi

F = 95,000 psi
ty

Elong % In 2 inches = 12

Density = 0.287 lb/in. 3

NOTE: The mechanical properties of air-melted A-286, are
10 ksi lower in UTS and 0.2% YS
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4 Mean coefficient of thermal expansion =in/In./Fxlr 6

Y RT-2007 = 9.2
RT-800'F = 9.6

4RT-12007F=9. 8
The elevated temperature strength - after exposure to the tempera-
ture cited for 1000 hours and no load - is as follows:

Strength a
Room TemR. 800°F 900°F 1000OF 12000F

F(psi) 140,000 123,200 120,400 114,800 95,200

F8psl) 95,000 79,800 79,000 76,950 62,700

Data from Battelle Memorial Institute Report DMIC 112, dated
May 1, 1959 "Physical and Mechanical ProWrties of Nine Com-
mercial Precipitation-Hardenable Stainless Steels," gives the
typical 600 hour rupture strength for A-286 at 10004F as 87, 000
psi. However, since our application is one of cyclic loading,V stress-ruptre cannot be used directly. Data on cyclic rupture
strength is not available for A-286, however it has been postulated
that the cyclic rupture strength is ntermediate between the rupure
and short time tensile strength. On this basis the cyclic rupture
strength of A-286 at 1000F (room temperature to 10000F) is
assumed to be 102, 000 psi.

(b) Alloy Ladish D-6A. The mechanical properties of a heat re-
sistant non-corrosion alloy steel were examined at the design load1requirements. The alloy selected was Ladish D-6A. a hot-work die
steel which has been extensively used for missile motor cases because
of its high strength and good fracture toughness. This steel has a
nor-,"l chemical composition of C=- 0.46% Ni- 0.55%, chromium =1.00%
molybdenum 1.00%, and iron remainder. It can be hardened and
tempered at 1000 0F to the following typical room temperature~~properties. _

t =210, 18. ftl

0.2% yield strength (YS) -204, 000 psi

Elong % in 2 inches = 13
K Charpy V-notch = 18.0 ft-lb

The steel when heat treated as above has the following typical
properties (short time (1/2 hr)) at 10000F.

Ftu = 138,900 PSIgo P

0.2% YS = 120,620 psi I' '
Elcng % in 2 inches = 19.8
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However, exposure of the steel to tenmring temperatures of
12590F wfll reduce the room tempersaur strengt,7h to

F =133,00psi (typ.)in:1 0,2% YS = 126,250 psi
Elo3Ig%lIn 2 inehes= 20

4 The mechanical properties of the steel tempered at 1250"T and
jested at+ 10000F are as follows:

A I F = 56,O000psi
0. 2% YS = 49, 000 psi~

It can tlazs be seen that the alloy steel when exposed to a tempera-
tar of 1250OF (approximately) will suffer a permanent degradationI of me-hanical properties. For tiais reason, a coating with low
thermia -onductivity is required to reduce the temperaimr below
1000OF when in use.

4. N'aterial Properties Coatings

(a) Plastic laminate and Rubber Coatings. Two different corro-
sion resistant organic nu 'rlals, plastic Laminates and rubber, Were
considered for use as low thermal conductivity materials. The tem.-
peratare idcdi the module sn'ictur.. due to exhaust gas heating
is too low to permit ablative coolig from these materials. Phenolics,

ofplasic ia vary considerably v~hm~rasof osrcin
resin system, and cure; however, we will breifly discuss the proper-

extrapolation) is less than 1000 psi. The handbook also states that
several hours exposure at 1000F will permanently destroy the lami-I nates, mechanical and physical properties. Silicone rubbers suffer
the same order of loss of physical properties at that temperature as

- does the phenolic glass. Howeaver, the low thermal conductivity of
both materials (appromately 1. 4 tz/hr/sq ft/0F/in. at 700?) makes
it possible to use these materials for short time protection or for tern-
porary repairing.
(b) Ceramic Coating. Another thermal barrier coating considered
is ceramic in nature. The coating is stabilized zirconium oxide,
whose high melting point (> 4000T), low thermal coz.ictivity (1. 2
Btu/hr/eq ft/F/In.), and low thermal expansion (5 x 10-6/ln./ln./*F)A make it potentially attractive. In addition, the material can be 9.1VIed
rather easily with an oxyacetylen type gun and! is commerically
availabYM (Ro.Iddo Z, Norton Co. , Worcester, Mass.). Hovmver,
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because of Its inherent brittleness, it can w v-nd lttl or no ten -
sle loading, and because it is mechanicaly attached to the stelA Le.,t
imbedded in a roughened surface, its resistance to removal by me-
chanical abrasion is low. V
It als could be considered as a temporary or repair coating to
protect from "hot smots."

5. Cost

To review the cost factors again, it is estimated that a plastic laminate coated
steel would give a part price the same as a heat and corrosion resitnt steel,
while, a rubber coated or ceramic coated steel -,ould be somewhat cheaper than
a comparable part in A-286.

6. Alternate Heat and Corrosion Resistant Stels

(a) Dia to the current "spott" difficulty in procurement of
nickel and molybdenum containing boat and corrosion restatant
materials, the following materials are suMggested as alternates
to A-286 if necessary. Both materials have auprior properties
at room and elevated temperature to A-286.

(b) Mae first selection is Alloy 901 whose nominal composition

is:

Nickel - 42%

Mclbdenum - 5%

Titanium - 2.8%

Iron - balance

This alloy is covered by AMS specifica-a 5660 for bar and rod,
It is also available In aheet form. The alloy requires a precip-
itation beat treatment to attain its strength (as does A-286).

Its typical mechanical properties are (except as noted):

*RT 100F 1200F

UTS, ksi 150 124 114

0.2% YS ksl 100 83 83

Elong. % in 2 inches 112 12 13

* Thece prcperties are minimum.

The alloy cost is apprmimately $4 to $5 per pound d-pending on
form and amount ordered.
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~~id (o) ~The secoad-alternata materil to n1a~a~~
Tonl X-750 (formerly Ji= I X). TMGiaU67y1acov0&dby

4 Federal, AM, and Republic RE-K-2A opecmications.

J AMS 5542, ML-N-7786 - cheet and plata

AMS 5667, 5668, M~L-K-855f) - bar, rod, anid forgbq3

Chromium - 15%

Iron - 7%
Titanium - 2.5%
Alumt=M - 0.8%

Nikel - balance
Its typical mecharJcal properties are (except as noted):

RT 1o00 12000F

UTS. ksi 165 143 125

0.2% YS ksi 105 97 95

Elong.% % n 2 inches 15 13 5

* oese properties are minimum,

Its approximate cost is $7 to $8 per pound depending on form and
amount ordered.

7. Conclusion

It is concluded that the heat and corrosion resistant steels A-286, Alloy 901, or
lwcouel X-750 would L3 the best choice for construction since, unlike the heat re-
sistant steel (D6A) they do not rely on plastic or ceramic coatings whicheiftr
degrade on temperature exposure or are subject to undesirable brittleness.

The A-286 alloy being the cheapest and usually the most readily available alloy
is the first choice among t&e heat and corrosion resistant alloys.

E. TURBOJET AND ADVANCED TURBOJET AIRCRAFT WITH

AFTERBURNER

1. Desl n load Requirements

The design load requirements are similar to those noted in para-
graph D1 above. The material shall have an ultimate tensile atreAzgth (mini-
mum) of 100, 000 po' at 1250*F. The duration of lorAd at 1250F is one minute
per cycle. The metal or module shall be capable of being cycled 10, 000
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times to 1250TF. Therefore, ft to life at tomperatue shal be 600 hors.
The metals shall be capable of being e.Vozed to 1450*F maxlrm temperature
without los! 3f subequent 12500F load ength requirements. The above isbased on platform exposue temperatures for advanced turbojet engines wi
afterburwfz. The lower platform exposue temperat=es of tuLbojet znines
with afterburner, 50F in both conditions, do not warrant separate consider-
ation In the selection of materials.

2. Material Selection Approach

(a) Non-corrosion heat resistant alloy stees (Ladish D-6A) with
supplementary low conductivity coatings cannot be used in tis ap-
plication for the same reasons as those noted in consideration of
advanced turbojet engines.

(b) Heat and corrosion resistant alloy A-286 carnot be used in
this application since, as noted previously, it will not meet the
strengt1h requirements at temperature, particularly if subjected
to the overaging effectof 1450°F on extended exposum).

(c) The materials selected for use with turbojet and advanced
turbojet engines with afterburner, In accordanee with design re-
qufrementsare the two alternate materials specified in D6 above,
Alloy 90! and rmoos X(_ X750)".

(d) The typical short time elevated temperature properties of
Alloy 901 are as follows:

RT 100F 1200°F 12500 F

UTS, ksi 150 124 114 106

0.2% YS ksi 100 83 83 83
Elon % in 2 inche t 12 12 1 13

(e) Alloys SO1 and X-750 will not be affected by prolonged no-
load exposure up to 1450 0F. This will, in effect, lengthen their
normal aging time for precipitation heat treatment which will not
degrade tensile properties.

(i) From the data supplied by the Thternstional Nickel Company's
bulletin (Nickel-Base Alloys, 1966) the 600 hour cyclic zptre life
at 1250°F Is 92 ksi In accordance with the postulate in D3 above.

(g) The bmaranteed room temperature and 1200F short time tensile
prcperties for sheet (0.251 In.) are given in Republic Specification
RE-N-2A as follows:
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K. M

tUTS ksi 165 110
0.2% YS ksi 110 80

Elong%in 2 inches 15 *

* ot required but estimated at 5% minimm.

Data from the Tnternaional Nickel Company inc the following
properties at 12500F, using RE-N-2A material.

I1250OF

UTS ksi 100

0. 2% YS ksi 70

Elong% in 2 inches

* Not requred but estimaed at 5 minimum.

The postulated 600 hour cyclic rupbta. life of Inconel X(X-750) at

12500F is 86 ksi.

3. Conclusion

The short time properties at 1250°F of both materials are adequate
al~he prortes of laconel X are sli atly higher. The rupture life of 901

*at 1250°F is somewhat better than Inconel X. The ductility of Inconel X drops
at 1200-1250°F which is typical of high nickel alloys and reqdires that ap-
plications involving sharp radii be given careful consideration. The higher
nickel content of Inconel X makes it somewhat more prone to sulfur embrittle-, ment from fuel exhaust than Alloy 901.

The possibility exists that the nozzle temperature (3500'F) of the
afterburner may impose high skin temperatures (in excess of 200001) on the
module. Temperatures of this magnitude will degrade the elevated tempera-
ture properties permanently. If overheating such as this is observed during

fprototype testing, consideration will be given to the use of ceramic low thermal
{conductivity barrier coatings (Rokide Z) as a means of reducing these transient

temperatures to design levels.

(a) Consideration has also been given to the use of a higher
strength nickel-base alloy in the event that the increased cost of
the material is jusdfed by the weight saving. An alloy considered
Is Inconel 718 whose approximate cost is $10/lb. The typical short
time tensile properties are as follows:

RT 6000F 1200T? 1300*F
UTS ksi 200 195 170 145

0.2% YS ksi 175 160 150 135

Elong % in 2 inches 20 20 20 20
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SECTION VI

DESIGN CONCEPT ANALYSIS

A. INTRODUCTION

As previously outlined in Section H of this -epoit, there are many variable
factors and many combinations of these factors affecting design of platforms
and modules. T'he design concept presented was based on de application of
all factors sfectdng design. The methods of applying these factors have been
establishbed in the thermodynamic, design criteria, materials, and structural
analysis considerations.

B. PLATFORM CH.ARACTEPJSTICS

The most !mportant aspect of platform characteristics is the satisfaction of its
requirements for field use. Ease of handling and erection are of prime im-
portance and have been demonstzated in this design. (See Figures 8 through 15.)

All modules for a particular platform are exactly the same in configuration.
This eliminates the task of selecting a certain module for a particular position.
All ties between modules are alike and can be made up with a stwAard wrench
(reference Figare 13). The side plates which prevent escape of exlhaust gases
(reference Figure 14) .ae simply inserted into the modules and locked Into place
by rotation of a latch. The end plates (for the same purpose) are installed by
hking onto +., m&"lc tie fittings of the end movdles and Inserting two quick-
disconnect type piz-.. The diverters at the exhaust end of the platform are tied
to the modules with the same tie fittings as those used to tie the modules (reference
Figure 8). The platform size may be varied by merely adding or subtracting
quantities of the above components.

In the event that exhaust gas discharge from both ends of the platform is desired,
several of the modules can be rotated 1800 in the horizontal plane and the end
plates replaced by diverters.

Of thermodynamic importance as a platform characteristic is the ability of ex-
haust gases to spread out laterally between modules and not be restricted to
longitudinal flow. This serves to make maximum use of the exhaust area and
therefore keeps the platform height to a minimum. The use of tubes as truss
members provides maximum interflow area between r--4ules.

C. MODULE CHARACTERISTICS

1. Structural Rejuirements

The structural requirements for the various components of the modules and eub-
stantiation of the selection of the type of components used in the design concept
are presented in the structural analysis (Section VII).
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2. Simeand Weiart

A module size smaller than that of the 2 by 4 ft (in planform) establisbed
by design criteria was considered Uninsfactory frerm the standpoint. of boW~r
to width ratia and also with respect to the mudber of modules required to

assemble a platform.

Inspection of the weight calculations for the modules analyzed in Sn~ton VUI
Indicates that, except for the module base muporting the9 50, 000-4b aircraft
(at 10000FT), the moduLe base assemblies and grids are within the 150- to 260-lb
weight range. All of these components are considered as being capable of
manual field handling.

When the modale base used to support the 50, 000 pound aircraft at room tamn-
perabire was Inspected with respect to the thickness of its components, the
following was noted. These members are of a size tha, for two reasons, is
considered to be the ml n Jm,..m allowable. First, lighter members In some oasess
would not be structurally adequate even for lighter-weight aircraft and, second,
they would not be rugged enough to sustain the type of field handing anticipated.
Therefore, it appears that modules for lighter-weight aircraft would not weigh
less.

The above analysis indicates that most of the field-bandied components will be
in the weight range selected by the design criteria and that a one-piece module
(base and grid) is not practical from a weight aspect.

However, in order not. 'W Rit 'u~re utility ofL'" b1-= ~onI pltorA be

rpdyassembled, adwad-lo o adigo ehaircmoet n
of oe-pecemodules (base and grid combined) if so desired. Ti~s is presented

as a logistic problem to be considered by the using command.

The vnsshown in tedein(eeec iue1)wr nlzdsrcual

has getrbeam strength. The proper angle anc' size of vane can only be de-
tormined by testing of full size components using . arious exhaust mea flow
quantities.

4. Manufac&1ruE

Ease of manufacturing wtith a minimum of special tooling and a minimum of shop
operations was considered next to structural integrity In design evaluation. Ex-
amination of the various members of the module shows that shop manufacturing
procedures are not complicated. The drawings indicate formed sections to

demonstate the feasibility of their use. However, In large production quantities



I
where mii r of rataxl am reqtdred, the cost of oexU '_Wa cut to
lengtt verus tb cosat-i cutdog an forming oCf Obwf and ptia pw be o
Snalyzed. Forgitag should be ud plau of L.bfed bar stm* for Mq5n
and tension ba when cost &Wbigs can te realized (Omferenee F~proa U1 wid

fo the determinau tions ofid d ei d factarer of this typsed W
are bet equiped to satisfy the reirements. They also hmas~ the .ry
tooltag &ttd mxaactarbAg capabilitles, vbich are generAfly tot a pat of oo
mafr~actuirb-g f acilities (referene figure 10..

5. Materials

balancing costs against other factors. It should be farther wotd that Me use

of commercial speqif Iations for mteias should be evZuated as a o favfng
factor. "Iis should only be done whre these commercilW mat arials szd-et
all deatig requiremencs and when their use is approved by the procurbng avency.

In the selection of hardware (fasteners, atc.) the varlous conditions of loading
and temperature muA be considered so that it is comkatible wih te oiter
materials used.

D. S JIM RY

Th" wov-e analysis has been prteented in order to coordinat sections of the
report and to presen, an evaluation of the vartou aspects of the design concept
in relation to design and menufact ing requirements.
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SECTION VII

STRUCTURAL ANALYSIS

A. INTRODUCTION

In the design of a blast controlling platform for VTOL aircraft, the structur-es
department was given the task of aiding the design group in determining tbk
basic type of construction and configuration that would best meet the require-
ments of load, temperature, and portability (meaning lighiness of weigh). In
o:cder to evaluate this problem, two separate studies were undertaken. In the
first study a general survey of various types of construction was made. In the
second study, the type of structure finally decided upon in the general survey
is analyzed, in detail, for the various loading conditions.

B. GENERAL SURVEY

TAe basic purpose of this survey was to consider various types and configura-
tions of structure and determine which would best meet the requirements of
load, temperature, and portability.

Since the platform is to be portable, the weight factor is critical. In order to
insure the ease of portability, it was decidd to make the platform of a number
of small individual modules, each light enough to be easily moved.

Each module in the platform will be under different loading conditions. The
two most critical modules will be one directly under the tire and one directly

j under the exhaust nozzle of the lift engines. The module undcr the tire will be Je
subject to load while the module under the exhaust nozzle wilbe subject to
th% extremely high temperature of the exhaust gase s. 8nce it is. impossible to n
determine exactly which module will be under tire loads and which modules
will be under high temperature a module must be designed to satisfy both re-
quirements.

One of the intentions of the platform is to direct the exhaust gases out of one f 2

end of the platferm. This is best accomplished by using curved vanes In the
Individual modules to divert the gases in the direction required. A floor sheewt
should be used to eDminate the entrainment of dirt, sand, etc.

The upper surface of the module must allow the exhaust gases to enter the
module. It must also provide a surface on which the aircraft can land and
maintenance personnel can walk. For this surface a grid type of structure
best satisfies the requirements.

A truss type of structure is the best method of supporting the grid due to its
high strength-to-weight ratio. The type of truss recommended is showvn in
Figure 11. The reasons for choosing the various members as shown are as
follows: .
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1)Top Angles -The top anglea were s dlected becanse thoy m=c
1) resist bendirg and the long vertical flangses provide a large

moment of Inertia to resist the bendig etress. This short
horizontal flanges provide a surface for t baaring bus of fth
grid to rest on. The angles are sparated to permit the tubingI ~to fit between the long flanges. This also puts the attchmezits
in double shear which is necessary for heavy afrerat, The
horizontal flmges on the top angles of the outside truss members
of a module re both fatn*d in the same direefllon, thereby
maxdyiiin .he area allowiug exhaust gases to enter the movdle.
The extra vertical flange on these angles acts as a guide for fth
grid.

2) Bottom Angles and Plate - The bottom angles were selected be-
cause they must resist bending and the vertical flanges provide a
Large moment of inertia which resists the bsnding. The borizouta
flanges and the plate provide a liarge, Pt1If area for bearia6 on the
soil. The angles are separated to permit the tubing to fit be-
tween the vertical flanges. This also puts the attachments in
double shear.

3) Pins - The use of pins (single-pin joint) in a truss member limits
the type of load carried by the vertical members to axial loads.
This will limit the type of failure to buckling or column filure.

4) Tubes - Tubes were recommended because these members are
subjected to axial- loads only (pi-mned at both ends) and a& circul1ar
section is most efficient for this type* of loading. Hollow tubing
was recommended to save weight. Slotted holes in the tubez, (top
only) eliminate any tbermal stresses induced by differeutialex-
pansion of various members.

The bast method of stabilizing the truss members is to use two sets of
tension bars at both ends of each module. At intermediate points crosstles
attaching the tops of the trusses will also aid in stabilizing the rw dule.

Summarizing, it appears that the type of structure that best meots the require-
£aents of load, temperature, and portability is a grid type afut~ SpoCr~

4 by plnz~ed member trusses % ith tension bars and crossties supplying lateral
stability (Ref. Figure 9).

C. DETAILED AI"ALYSIS

In the detailed analysis the baaic type of str~;cture decided upon in the general
survey was analyzed for 20,000-, 30,000-,, 40,000-, qnd 50,000-lb airecraft at
l000*F and f3r 50, 000-lb aircraft at room temperature in order to datsr-

'Amine how the weight of the typical inodale varies with the weight of the i
aircraft it is to support. A type of parametric study was performed. The only
variable in this study, however, vies the size of .hs individusl members. The
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configuration and the overall size of the module remained identical. It is V
worthy to note, however, that the typical module analysed is the best con-
figuration for the 50, 000-lb aircraft at 1000°F under load but, it might
not be the best configuration for a 20,000-1b aircraft at 10° 0F. For
ex- nple, fewer vertical supports might ba required in the truss members
foi tae 20, 000-lb air-raft.

For each of the analyses, the following information was supplied by the
thermodynamics group, the design requirements group, and ths materials
group.

1) Use of A-286 steel

2) Load factor of 2. Eg (1. 25g for drift landing side load only)

3) Maximum temperature of module under load 's 1000°F
(1200°F under no load conditions)

2
4) Tire print of 160 in.

5) Noise level pressure of 0. 16 psi (155 db)

6) Pressure due to exnst gases of 18 psi

7) The given loads are applied to a 1.5 factor of safety (in order to
keep the weight at a minimum). This 1.5 factor of safety is
multiplied by the given loads and, using these values, the structureis designed toJ ul"Umate load .,^ ... ow --- as obtained from .MIL-

HDBK 5-A.

8) The entire weight of the airplane is on two landing gear.
Using the above Information and a 50, 000-1b aircraft, a preliminary analy-

sis was condu.td to provide the tentative size of an individual module. The
ideal weight oi each module was estimated to be about 200 to 250-3b. The
most efficient size in this weight range was found to be 4 ft by 2 ft with
three truss members.

For design purposes, various assumptions were made which led to a con-
servative type of structure. These assumptions are:

1) The entire wheel load is completely reacted by one truss member
of one module.

2) The entire wheel load is reacted by one span of the top angles
rather than by the entire length of the angle.

At the same time, an assumption was made that was not coneervative. This
assumption was that the ground under the module was relatively flat and that,

44

':



when subjected to load, the ground would settle under the bottom pla2te of the
truss until there was a unifcrm pressure exerted on the surface of the plate.
This assumption limits the surface ,onditions of the soil directly under the
individual modules.

For the design of a grid, manufac turers of this type of equiment were called
on. Design information obtained was as follows:

Based on sustaining aircraft tire loads of 25 kips, 37 kips, 50 kips, and
62 kips, on a tire print area of 9' x 1", with the grating bearing bars
spanning 10" center to center of supports, a rectangular design cross-
bar grating having bearing bars spaced 2-3/8" on centers with cross bars
4" on center i was recommended. For intermittent elevated temperature
service of 1300"F the material was to be type 316 stainless steel.

The recommended bearing bar sizes in corresponding order to the above
indicated tire loads, are 31' x 1/41, 3-1/2' x 1/41,, 4" x 1/4", and 4-1/2
x 1/4"1. The cross bar size in all cases will be 1-3/-1 x 1/'. A band-
ing bar shall be welded to the ends of the bearing bars, continuous for
the panel width, and shall have a depth not less than 1-3/'.

The top and bottom angles of the truss members were checked for tension,
compression or crippling, shear, and bearing. For the module to support
20, 000-, 30, 000-, and 40, 000-lb aircraft, the thickness used was 0. 125 inch.
For the module to support a 50, 000-lb aircraft, the thickness used was 0. 19
inch (the additional thickness was needed for bearing area).' In most cases
the length of the vertical Cong,) flange was governed by edge distance requi-e-

ents of pins attaching the angles of the tubes.

The tubes %ere checked for bearing and column failure. For the module support-
ing 20, 000-, 30, 000-, and 40, 000-lb aircraft the thickness was 0. 125 inche
For the module supporting a 50, 00 0 pound aircraft, the thickness was 0. 19 inch
(again the additional thickness was needed for bearing area). In order to in-
crease the load carrying ability of the Lubes, the inside diameter and outside
diameter were varied to decreaseL'/pand increase Fcalls

The pins attaching the bottom angles to the tubes were checked for double
shear. The pins attaching the top angles to the tubes were ,hecked for a com-
bined loading condition (bending and shear) due to the effect of the slotted
holes in the tubes.

The tension bars were checked for tension and compression, and the lugs were
checked for bearing and shear-out. The tension bars are the same for aU
modules. The tension bar fittings were chbcked for bearing and shear out (lug
analysis).

The vanes and floor sheet were checked for failure as simple beams under a
uniform pressure. The deflection of the floor sheet was checked to determine
if, under load, it would come in coitact with the ground. The vanes and floor
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sheet will be the same for all modules.

Since there are two different loading coDlitions (wheel load and exhaust gas
pressure), various parts of the module will be subject to different loads.
There is also a load caused by the engine noise level. This load is calculated
as 0. 16 pai P td was considered negligible in this analysis. Therefore, the
total desig. leads on the structure were (1) wheel load (weight of airer ift) for
the top and bottom angles, pins, and tubes, (2) exhaustgas pressure load for
the vanes and floor sheet at 1200°F.

An analysis was also performed on the typical module for support of a 50, (,(. -Ib
aircraft at room temperature using a common grade of steel such as
4130, HT 180-220. This module was analyzed in an identical manner except
that different allowables were used. This analysis showed that the high tem-
peratures caused the weight of the module to increase by 40 percent.

IL

-La
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D. ANALYSIS OF LOADS AT 1000F, USING A-286 STEEL -
20, 000-lb AIRCRAFT

: :1. Design Sp,.cifications

1) 20, 000-lb aircraft at 2-1/2g (limit value)

2) All load on two gears

3) Maximum temperature under waeel = 1000°F

4) Maximum temperature under engine (no load) = 1200F
5) Load/Gear = g 2 25, 000-1b (limit)

= 25, 000 (1, 5) = 37, 500-1b (ultimate)
6) Use tire print of 160 in 2

Tire Print

/ Note: Dimensions on sketches are in inches unless othen!-,se noted.

S2. Top Angles of Outside Trusses (Reference Figgre 11)

.t Assume entire load acting on one truss

4 48

'-R1 R2  R3  4 5
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h 2. 125
x x

1.0o

0 - 0

t =0. 125

-4.

Section AA

Maximum reaction = 37,500 lb (entire load)

For maximum bending moment assume entire load acting on one
span

;' 18

w lb/In.

R R

w 1 8 = 2080 1b/n.° 18

3',500,
M - 6(--)- - 9(2080) (9/2) at center

= 112,500 - 84,400 =28,100 in. lb

-!28.1 in. kips

4

Fb MT use t =0.125

48
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Section b h A y A A I
T_ _ _ y y

1 0.125 1.00 0.125 0.50 0.0625 0.0313 0.0104

)2 1.875 0.125 0.234 0. 94 P.2200 0.2068 0.0003

3 0.125 2.50 0.313 2.125 .6641 1.4112 0.1628 j
_4 1.375 0.125 0.1719 1.06 .1822 0,1931 0.0002

" 5 0.125 2,.375 0.296 . ,6502 11.4?39 0.1395

1.1408 1.7790 3,2603 .3132

yk 1.7790Y A =  ,14o88 1. 559 in. i

ii

I =I v 2 jA=0.804in.4

F - = (28.1).1. 81) =63.3ksl 'ensionb 0.804

Fb= 1 (28.01).. 54.5 ksi compression

Atl000°F Ftu =103.5 ksi (Fict.)

F 12 ksi'7- cy

FB =68ksi

M.S. k03. 5 1=0.64tension
= 63.3

M.S. =  - - 1= 0.32 compression54,.5

Bearina (f Truss Tube Pins on Anles
2

Air = Dt = (0. 625)(0. 125) = 0. 0781 in. (for one angle and one pin)

P = 3 9600 lb (for one sane and one pin)
4P 9600

Fbr = " 23kai F 198 ka1
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v

04

198MY.S. = 2, 0.63

Shear
Maximum shear across an1es = 7 5 8 0 lb

As = area of section - 2Dt = 1.141 - 2(0. 125)(0.625)

A = 1. 141- 0.156=0. 985 in. 2

Fs = l9ksi
0.985 7

i F =68 ksf

M.S. =ample ea

3. Top Angles on Inside Truss (Reference Figure 11)

48

°';I

: (Typ.)

- '1 -2 -'3 -'45

___________________

1 5.I2
x ...2 x

2.5
t 0.125

Section AA

Alaximum reaction 37,500 lb (entire load)

50
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- For maximum bending moirea tt assume entire load acting on one

12

R R

W 37,500 = 2080 lb/In.

M = 6( 9 (2080) (9/2)max2
= 112,500 - 84, 400= 28,100 in. lb

= 28, 1 in kips

Fb M use t= 0. 125

Section b h A y IA IA L 'I
I1 1 .1.375 0.125 0.1 719  0.0625 .0 10O7 . 0 069

2 1.375 0.125 ).1719 0.0625 .0107 ).00069 p.00022

0. 125 2.50 .3125 1.250 .3906 ).48825 O.16276

1 4 0.125] 2.50 2.3125 1.250 -.3906 ).48825 ).16276

0.9688 o. 8026 o. 97788 o. 32596

:Ay
XAY -o 0.8026

I I = 7I+LAy2_-A2Y 0.63914in4

I 0. 639

. Me _ (28.1)(1.67) =

b= -I- = 0.639

F =103.5 ksi

0 51
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0. 4

73.5

4 F = (8. )( 8) =36. 5 ksi compressionFb 1 0.639

M.. 36.5 c

Bearing C(o' Truss Tube Pins on Anglest
2

Abr D=(.6)(.1) .0781 in. (for one angle and one pin)

P =8.00 =-9600 lb (for one angle and one pin)
4 1

F = OF-2 123 ksi
Fbr br .78

F =t L98Bksi
MS 198 -1 .6M.-1231 ~6

4Maximum. Shear - AcrossAngles
Rmax 37,500-

Mxmum shea = =18,750-lb2 2
6fA =area of gection-2 Dt =0. 9688 -0. 156

) = 0. 813 in.

F= ~' 18,750 f 6Bs
V013

M. S. =ample

4. Pins (Atachin Truss Tubes to Top ARQles) (Referance Fitour 11)

Slotted holes In tubes
(TOP only)

2 P
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Jaue to .hie slotted holes in the truss tubes a bending moment(M
is induced in the pin

M

- 37,500 .2 kips

2cos12.50

x = 1/2 + 2(0. 125/2) = 0. 625 in.
°(M 19.24.D& 625 . 98in kp

2 "2

For 5/8-in. Diameter Pin44

I = 0. 0075 in. c = 0.3125 in. A= j.307 in. 2

F Mc = (2.98)(0.31251 = 124 ksi
b I 0.0075

' Fb 175 ksi (Reference 3, page 211)

- b _124 0.71
Rb F 17

Double Shear

P12 ig. 29A)
= I ' =31. 3k sis A 0.307

F = 68 ksi
-_ 31.3=R. . 0. 46

Rs F 68 I
M.S. = -I=0.09

'- I 71) + (. 46)2 '
02;

Use 5/8-in. diameter pin

~, Tbin (~eference FiM~r 1

1 Assume entire load is reacted at one joint

0 53
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Ofl

INI
Each pin carries

12 1/2 the load

P P

P 2cos 12.5 - 19.2 lb

0.5

A A Section AA

°. I 713.0

S "ISection BB

4, P

For 1.25 in. 0.D. x 0. 125 in. tube

2
Abr = 2D= 2(0. 438) (0.125) 0. 110 in.

P = 19.2kips

54



06''

P 19.2

F =98 ks
198br

M.S. 198 1 =Q.13

Column Acton
4 4

r= ' 2 -2 =0.1198 -0.0491 =0.071 in.

14-!} :, Tube is pinned at both ends, therefore c =I and L'=L

2 2 2A 1T (rI - r - 0.443 In.
44

So. =04 in.° %VO. 443

L 132ev 32.5p o.4
o1 F 80 ksi (Reference 1, page 1. 1630-4)

Fe P 4- =43.3 ksi

M. S. = 0 -1 =0.85;- ., 43.3

U se . 25 in.O.D. x 0.125 in. tube

6. Pins (Attac!Ljng Trass 7Vbes to Lower Angles)(Referencef1lure 11

Shear is only factor (no slotted holes)
- Double shear =19.2 kips

Single shear 9.6 kips

Use 7/16-in. Pin

Area= 0.150
• "::9. 6Fs 9 =64 ksi

F = 68 ksi

01
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2P 68

4

7. Bottom Angles on Trusseq (Reference Figure 11)
AA

p p p P P

48

t, 0.125 (angles)

t= 0.250 (plate)

I-

0j! 2.0 i
2.25

1. 544 3. 5-

Section AA

"iSection b h A; y Ay Ay2  I

1 0.125 2.00 .250 1.25 0.3125 0.3910 0.083
J.125 2.00 .250 1.25 0.3125 0.3910 0.0833

3 1 1.3751 0.125 I. 172 0.31 10.0533 K%0165 0.0002

4 1.37510.125k 172 ' 1 10.0533 I0165 0.0002
3. 0.2 3. 109I":i 5 3.5, O. 1025_ P. 875 ' 5"0)-9 o. 1~ s _ 00T_

Z-1.719 0. 8411 0.8287 0.1707

56

66.
- - -"- - -



* I

e Ay
-0.8411

4 Y -- = 7 1 9  - o.48 in.

I =I +j - = 0.1707 + 0.8287 - 0.3950

I I= 0. 588 in.

-4 Asame that under loading conditions the ground under the plate
will settle until the load is evenly diatributed over the surface of
the plate.

Maximum moment occurs under 2nd load

Smax= 0. 1071 wL- (Reference 2, page 2-133)

M37,500 2= . n ka
, x =0.07- 4 ) (1=12.21n,s

MFb e- (12.2)(1.7Z) =36.7ksi tension
Tb 0.588

Ftu 103.5kM,
M.S. =ample

F = (!2.2)(.48) = 0ksi compression

b A 0.588
t Fb =7 ksi

M.S.= ample

Bearing. (f Truiss Ttibe Pins on ngles)

A.,~Dt(0. 437110. 125)- (.f4 n. or one angle a i one pin)

P =9.600 kips (for on pin and one angle)

= 9.6 =1kiAjr 0.0545F 9B i

M.S=198 1 0.12br
176

Shear

Maximum shear= 3 =18,750 lb

,A5 =area of section - 2Dt= 1.719- 2(0.437)(0.125)

A = 1.61
* ~:= = 18.750 11.7

1.61 F =68 kst
M.S. -ample
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S8. Tension Bars Lleferegce Figu-e 9)

Assume 1) 20, 000-1b aircraft

2) Load factor of 1.25 (drift kzidins only)
3) Side load = 0.8 x maximum gear load

, =(0. 8) (20, 000) (1. 25) (1. 5)

2
= 15,000 lb ultimate (for each gear)

4) For desip purposes asume fitat all sid load is taken
out in two bars, either tension or compreseion

15000/2 15000/2

600 60~

2T 2T

2T = 15,000 lb ultimate (7500 lb/lug)
2 cos 60c

Tension (for Metou of Analysis me Reference 1, Section 1. 6200)

L P = 7500 b(ult) P, = 5000 lb (nimit)

t_. = 1.6 W D 1.67
D D =3.2 T

2
At=(W - D)t= 0.516 in.

i ~~r=  = 0. . 2

' bru = 'Kbr) 'tu ) (Ab

K 1r .=1.55 (Reference 1, page 1.6200-13)

S=103.5ks
P = (1. 55) (103. 5) (0. 234) 27. 5 kips

M. S. =ample

P = 7.500kips
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A - -

I j

13

1.373
1 -0. 375

i6• - - 2.01W0

: /ISection BB

02 2.0.625

oSection AA

Tension

Ptu= (t)(F)At

0 Kt = 0. 905 (Reference 1, page 1. 6200-12)
F = 103.5 ksi

pt= 905)(103.5)(0, 516) = 48.5 kips

P =7.50 kips M. S. =ample

59
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'4

F° Tension Yield

( ~&Fty)(Abr)

Kbry = 1.55 (Reference 1, page 1.6200-14)

F = 72 ksi
ty

SPt = (_.55)(72)(0. 234) =26.1 klpsi M. 7S. =ample
P =5 kips yI

CoMpression Bearn

Ab 2Dt 0.468 in.

~br
P 15.0 2.2 s

Fbr A198 ks 
M.S. = ample

Column Act.on

I .3 I O0. (" Q " 4 (S o B )
* =ib h 1- "o ......

A= In. c =l and LL

.q4 0 .083 0 . 2 89 i.

!! _ sL 13 4

0._ 9

{ :F C~l 50 koi (Reference 1, page 1. 1630-4

P 15
Fe T- 15 ksi M°.S. =aMplrje

Pins

5/8-in. pin - pins are in double shear

A = (2) (area) = 0.614 in.

60



P 15: " =o =2.8ksi
s A8  0. 614 2. e

=68ks M.S. -ample

Single lug fitting

I15000 lb

,I 1.0 in. rad.

IL0.625

0.625 1 2.0--

~e
=I1.6

e =1. in.

)=3.2 D= 0.625 in.

D W= 2.0 in.

t t = 0. 625 in.

2At= (W D)t =o. 86 in.
~A b =I = 0. 39 in. 2

br

(For method of analysis see Reference 1, Section 1.6200)

Kbr = 1.47 (Reference 1, page 1.6200-13)

F = 103.5 ki

Pbru (1.47)(103, 5)(0.39) = 59.4 kips

- P =15 kips . 3. =ample
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--__ __- - -. )

Tension

~(Kt(Ftu) jAt)

Kt = 0,905 (Reference 1, page 1. 6200-12)

F t 1 = 03. 5 ksi

P t = (0. 905)(103. 5)(0. 86) 80. 5 kps

P = 15.Okips

M.S. ample

Tension Yield

P
ty (Kbry (tj x--ri

K,0  = 1.47 (Reference 1, page 1.6200-14)

F t =72 ksi

P = (1.47) (72' (0.39) = 41.3 kips

P =0 kips

M. S. = ample
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9- Anekis of Air DaSlnvirr Vonzr at 12007F, Usk- A-296 Sbl -

20, 000-1b Air ratReferewa EFP~re -9

18 PG.$ uniform PreOOir I

3.00

r

t 0. 125 Top angles

Total depth of vanes =7.50 in.J

lengthi of 'jane = Or =(0. 785) (8) =6.28 in. a ~

-~~~ For&-esigpuoe assume strip 3 a.' 4"V=" L-.d

77, ~~ends wth a 1mit, oad of 18 bu/n. aPjll uiforly. Aue strij to
be f-at.

A w lb/In.

6.28

R

w =18 (1. 5) =27 lb/In. (Ult.)

laimum bending moment (U) at center

- w2  27)& 8) 133 in. lb o . 133 in. kips

63j



F c = .125
b I .

01.

I = 1bh - (1)(0.125)3 =0.000162 in. 4

c = 0. 0625 in.

F~ O~- 133)(0. 0625)
Fb 0.000162 51.3 ksi tension and compression

Ftu =88ksi M.S. 1 =0.7151.3

F 71.8 ksi M.S. 5.3 = 0.40

Check for Bendtng Along the Vane
Use full depth of vane = 7.50 in.

Assume f entire load acting down on the vanes is reacted by 0.25 x 2 in.
strip at bottom of vanes.

Total force acting down = 18 (1.5)(3)(7.5) = 607 Ib (uit)

4< Assume this load acting uniformly along strip. I
n n
I, __ .. i

7.5- - 0.62

1 2

P 607w = - =811b/in.

Assume ends simply supported

(7. 5)(81)(4. 37) =
L 10.12 -21
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RR =607 - 262 =M I

L ax. moment occuts at zero st-r

W-- =4.27 in.

, Max. moment occurs 4.27+ 0. C2= 4.89 in. from rl §t end

M = (4.89) (US,) - 4.27(81) (4.27/2)

M = 1705 - 735 =970 in. Ib= 0. 97 in, kips.

i Fb=- t= 0.25

1.25
2

13 2
1 bh3  1-- (2)(025, =0. 0026 in.

c = 0.125 in.

A -=T" 0.00 6 = 48, tension aWn compression

Ftu =88 kst M. S. = ;,--8 - 1 0. 95 tension

A =M14 .S. = 11, 4 1 =0. 60 compr'esionF = 71.4 ksi 45~s

Check oi Mrt

-I jO f - 4

02 3 ..p .fM. .o.19

, Pelj A Ftu 0.31 (88) = 27.3 kips .. .=
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- - 48t

7.44i. 3. 4. S I

,-0. 090f

3. 18 1. 254

1 aftton A-~A

'Ue3 proosara IS1 psi over entire shzet (limit vahm~).

p = 16(1.5) =27.0 pal(ult.)

-QX

__W 120 2a_ ________



For Section (odny (tbn clar bel)

A - 2a rt =(2)(1.0 0)(".0)(0. 09) = 0. 189 2

14 yI = r (1 ~11 0. 825)0. 15 i.

I =r 3t (0+ cos a - = 1) O.09) (1.o+0.433-1.43) 1
I 11 0. 0477 in.4

For entire section
~Sectionh Ay f____ I__

o b A y y Ay2

___ - _ ____ _ , ___0.1890 0.505 0. 004 0.04M2 0.0047

2 2.5 0.09 0.2250 0.0-45 0.0162 0.00N 0.00015

3 1.25 0.09 0.1125 0.045 0.0051 10.0023 0.00008

-______ 1.0 0.125 0.1250 0.153 0.019 0.003 0.00016

0.6515 0.1301 0.0581 0.00516

Y = =o.6-- = 0.200 in.

I = XI +Ay2 - 2XA 0. 00516 + 0. 0581 -0. 0261

44

Beam span D . 0 in.

w Ibin

= (27 lb/in. 2 ) (6.75 In.) W 15.3 lb/in.

I., L

M rfL L15 -"3--1 = 5 70 =in. lb, 1. 5 7 in k W.a

• O67



Ct 5'70i(0 2-~ OWG0dc

Maximum reaction= =- 700 Ib 0. 7 iPS

} P 0.71
=ax sha stes = A =

Fa=68 ks U.S. ample

Maximum Deflection (at limIt load)

Are at center
max

A~~SI = WT4 = 5135(V
m384 (29.0 x 10")(0.0372)

- 0.oii. 4i
t4,(

[-4



q

3 ^

'04 V701ght #i..m....Z-o. CS MO"1

Wettht of OJmtslQ3 Trase

Top anglas =area x Lnh x 0. 287
= (1. 1408)(4)(0. 281 = 5. 7 b/tus

Tubing= area xtotal length xO. A87
= (0.,443)(125) (0.287 15. 9 lb/truss

Bottom asand pls = area x lengthx 0. 287
.= 1.719)(48)yJ. 287) 23.8 lb/trues

Total weight of outside trusses5= 110. 8 lb

I Weight of Inside Truss

Top angles =area x length x 0.287
= (0.9688)(48)(0.287)=13.4 lb

Tubing = area x total length x 0. 27
! =(D)443)(125)(0. 287) = 15.9%J

Bottom angles and plates = area x length x
Jr= (1.719)(48)(0.287) =23.81b

Tot9t weight of inside truss = 53.1 lbs

Weight of Tension Bars and Fittings =40 Ib

Weight of Deflecting Vanes (8 vanes) = 13.5 lb

Weight of Floor Seet = 18.7 1b

Hardwar =10 ]b

Total Weight Without Grid = 246.1 lb

i- Weght of Grid =150.7 Tb

Total Weight of Module and Grid= 396.8 Ib

d'.

0 4

69
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TABLE 3. CRUlICAL STRSS LEVELS AT 1000*F

Wt. A/C in lb 20000 30000 40000 50000 F

Top Outside Angles

1) Max. Ten. 63 3 69.6 71 60 103.5
2) Max. Comp. 54.5 57.8 58 50 723) Max. Bearing 123 155 189 145 198

4) Max. Shear 19.0 25.2 31.6 26.9 68

0Top Inside Angles

1) Max. Ten. 73.5 79.6 78.5 653 103.5
2) Max. Comp. 36.5 43 45 38.6 36.5
3) Max. Bearing 123 155 189 145 123
4) Max. Shear 23.1 31 36.9 31.4 23.1

Upper Pins

1) Max. Ten. 124 122 136 137 175
2) Max. Comp. 124 122 136 127 175
3) Max. Shear 31.3 32.6 37.1 40 68

Tubing
1) Max. Comp. 43.3 65 78.5 62.2 80
2' ax. Be-_ mg 175 204* 205* 177 198

Lower Pins

1) Max., Shear 64 58 43.5 54.5 68

Lower Angles

1) Max. Ten. 36.7 54.3 72.8 62.8 103.5
2) Max. Comp. 10 15.1 20.2 21.8 72
3) Max. Bearing 176 202* 200* 168.5 198
4) Max. Shear 11.7 19.6 24.5 25.5 68

Tension Bars
1) Max. Tens. 15 22.5 30 37.5 103.5
2) Max. Comp. 15 22.5 30 37.5 50

* Acceptable negative margin

All streses in ksi.

70
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A'SECION VII

CONCLUSIONS AND RECOMLIENDATIONS

I!
A. 9n, 13h!ARY

A research stidy was conducted to determine the design and mim, facn-g re-
qufrements for a portable VTOL blast controlling platfor. In this study,
thermodynamic considerations, design criteria, a materials survey, and siruc-
tural analyses were combined with a review of m=aftring requirements to

produce a design concept for such a platform.

1%h- fornmu.nadpon of this design concept was also based on ease of handling anVd
erection of the platform in the field. The minimization of special tooling, the
use of the simplest manufacturing procedures, and cost savings in all areas
were also considered as factors affecting design.

B. CONCLUSIOY'S j
A portable modular VTOL blast controlling platform is entirely feasible for use
with aircraft of various weights and engine exhaust characteristics. Manufac-

'i turing methods required + produce such a, platform are in no way specialized. X
.1 The design concept conceived meets the established requirements for fleld use.

K C. RECOMMENDATIONS

Before detail design of pro&ction modules and platforms can be accomplished,
intermediate programs must be conducted. The first of these is the design and
construction of an experimental platform with a configuration which allows for
angular adjustment and replacement of the deflecting vanes and variation of the
exhaust area. This platform should be tested with engines and simulated air-

Ji craft structure (only engine exhaust leading and temperatures to be applied) to in-
vestigate such factors as optimum platform configuration, effects of temperatre
on platform and aircraft, heat dissipation, and effect of the platform on noise
level and thrust.

n the second program, the results of this investigation should be applied to the
ii design concept and a prototype platform designed. Prootype modules must be

subjected to static testing. Subsequent to this a prototype platform large enough
for the takeoff and landing of VTOL aircraft should be manufactured and tested
not only for validity of platform characteristics, but also for effect of the plat-
form on the aircraft.

The results of this second (prototype) construe'don and test program will then be
combined with all previous data in order to optimize design condiguiation of pro-
duction platforms.

;:5
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APPENDIX A

u 1.6200: ANALYSIS W LUeS

1.6210 RMF ENC•ES

(a): ANC-5 (Including Amendment 1)-"Strength of Aircraft Elements"-
June 1951

(b): RAC Structures Handbook -Vol. II - "Structural Methods"

1.6210= NOTATION ,
The notation used herein is in accordance with the standard notation described M,

in Section 0.1000 and listed as follows:-

A = Area (usually minimum appropriate area), Square inches
B = Load distribution factor for outside lugs, non dimensional
D = Diameter of hole in lug, inches
e = Edge distance from center of hole, inches

F = Material allowable stress, ksi
f = Calculated stress, ksi

g = Gap between mating lugs (if any), inches
S= Effi.diency factor

M = Applied bending moment, inch-kips
n = Total number of lugs, (both fittings)
P = Applied load, kips (without subscript, refers to total load; with sub-

script, refers to appropriate condition, lug, or
bushing)

P = allowable load, lips
e - D/2

r = Geometric factor, non-dimensional =- t:

t = Lug thicmess, inches
W = Lug width (see figure 1.62001-1), inches
0 = Angle between loading direction and lug center line, degrees{ = 00, refers to axial load

= 900, refers to transverse load f
= Pin bending moment reduction factor for peaking of loading. ;0?

Subciptts
inside lugs of female fitting (see figui'e 1.6200-2)

B1 = outside lugs of female fitting (see figure 1.6200-2)
2 = lugs of male fitting

= -xAal load

b = bending, (Fb, bending modulus of rupture)
b, = btaring, (Pt, refers to a combined shear-bearihj failure)

bu = bushing
, = grain direction

C= compres~ion
L = longitudinal -';n direction

76 P 10



PHR0,1-o 11AT9

=trac-sveise grain dirnction \\
N=short transverse grain direc--m -~01~* minimum, 1(P.) is the sa7;aller of P6. 2al Pj

4 = shear
= tension ~\

tr= transverse V
=ultimate

,.=yield

F_ 1.6220. SUMMARYA
Amethod for the structural design an~lysis of fogs and shear pins is pretgnted

herein. Design curves for the various corractior' factors necessary for the design
analysis are s~iown in Figures 1.6200-7 to 1.6200-12.

The necessity for this new method was emphasized when experimental in-J
vestigations of lug-pin combinations, with lugs of various materials and geometries,

Jdisclosed that the existing co""entional methods of analysis were conservaike in I
some respects and unconser-vative in others. The two predominating factors which
adversely affected th e use of the conventional methodn are:

(a) effect of ductility of the materials (which varies with grain di- 9,

rection)I
Wincomplete eialuation of the effect of stress coacentrations. Carrer-

/tion factors have been determined to take in to 2ccount ~p~i~
effects and are shown in F.gures 1.6200-7 to 1.6200-12.1

1.6230: UMATIONS 07 METHOD OF ANALYSIS ~y
(a) The method of anaiysis presented herein is applicable to aluminum and

-4 ~steel alloy hi-s of uniform thickness and under loading conditions shown in
figure 1.6200-1.

(b) The --iethod of analy-is is applicable only when the lug thickness iso

less than the hole diameter. \~lO

BU53M~G V1o

II

aTENSION- )

1.~2G~i(b) TYPES W~ MR~S

Page V002 ()5A ~A!G LKO

9 41
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1.6240- LOAD DIST lUTION TO LUGS

A satisfactory design analysis of an individual lug can only be made if theK1  correct distribution of the total load to each of the lugs is determined. Cosider
first the three-lug connection as shown in figure 1.6200-2(a). The load distribution

-to the lugs is
9ii P

1 2

Ps = P
This load distribution is shown in the form of a factor in the B colum of table

4 1.6200-1,
For multiple-lug connections, figure 1.6200-2(b), the loa1 distribution is moreA; complicated. The load distribution factor P is obtained from Table 1.62004 for

I the proper total number of lugs (n). Therefore the load disributions to each of the
Al lugs is obtained as follows, assuming that the thickness tB of the outer female

4 fitting is > nt,:

2P

P 1 = TB 4 +n _
4a, +P 4B -3 n-

j P 31 = P = 2 P

p2 n-I

As an example, for the lug-pin connection shown in figure 1.6200-2(b).

A P P

7% P,- P% P1'l I 1"1 a

.. ..... ... .........~ (c S2.... .. ... .......... .. ..... .. ..i

Pt1.~

o A



9
Kl - =4 Therefore

P 2.259P
(.3+9-3

A = .43 (.259P) =.1114P
2P

* P 2 =--= "250P
~ 4 (9-1)

N TABLE 1.62001: LOAD.COE RCIENTS

Item Coeffidfets

Tatul Number of Lugs (a) ()
(Boh Sides) aK Kb

3 s = I M = 2.50t 1.00 .250(2t + 4g + TO2)
5 .35 .50 .070(t- + 4g+ 2)
7 .40 .53 .083(ht + 49 + 2). 9 .43 .54 .093{hi +} 4g - 2)

EIJI 11 .44 .54 .098(th + 4g + t)
00 .50 50 .125(t + 4g + 't 2)

(a) Ks = Shear Factor, Non-Dmensional
(b) Kb = Bending Factor, Non-Dmensional

,0"i 1.6250: METHOD OF ANALYSIS

In the analysis of lug-pin combinations under axial tension load the following
modes of failure should be checked for by the methods presented:K' (a) Tension across the net section. Recause of the inherent stress concentra-

tion, the load carrying capacity is reduced.
(b) Shear tear-out or bearing. These two are closely related and are covered

by a single computation based on empirical curves.

A (c) Hoop tension at the tip of the lug. No separate calculation is required since
the shear-bearing allowables preclude hoop tension failure.

(d) Yielding of the lug. This is considered excessive beyond a permanent set
of (.02 x pin diameter).

(e) Excessive yielding of the bushing (if a bushing is used).

(d) Shearing of the pin.

(e) Bending of the pin. The pin ultimate stren%,S is b=ed on modulus of
rupture.

Pago 1.62W04 79
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1.6260: FACTORS AND DESIGN NOTES

(a) Pertinent fitting, casting, or bearing factors shall always be used in the
analysis. For "joints having motion" the provisions of paragraph 2.61122,
reference (a). are applicable to bearing stresses only. if in any application,
more than one of these factors are applicable, they shall not be multiplied,
but only the largest shall be used.

(b) It is desirable for the analysis of important lug-pin assemblies to show a
minimum margin of safety of 0.20, for both lug amd pin. This shall be
considered in both yield and ultimate strengths.

(c) If no bushing is included in the original design, strength should be provided
to maintain the desired margins of safety should the hole diameter be
increased to include a bushing, i.e., equivalent to the next size belt or pin.
Margins of safety, however, shall be expressed on the basis of the actual
pin size and lug hole diameter shown on the engineering drawing.

(d) For three-lug connections, one lug on each side must be analyzed unless
it is dbvious which lug is critical. For multiply-lug connections one outer
female lug BI, one inner female lug ,,, and one male lug :. must oe checked
to determine the inimunm margin of safety.

1.6270: ANALYSIS PROCEDURE-AXIAL LOAD

(a) Determine the yield and ultimate loads for each lug by the load distributon
procedure (Table 1.6200-1).

(b) Determine the pertinent fitting, casting and/or bearing factors.
(c) Given the pin and lug materials and the dimensions e, D, t, and W (see.

figure 1.6200-1).
(d) Obtain applicable material properties from reference (a) and for aluminum

alloys, include the cross grain data listed in Table If.

TABLE 1.6200-11
..MORT- TRANSVERSE GIAIN TENSION PROPERTIES

ALUMINUM ALLOY

Material (Ft.)N (Fty)m

14ST and 75ST hand forged billet 0.90(Ft,4 0.96(Fyh

14ST and 75ST die forgings* 0.85(Fth 0.90(Fh)T
75ST plate (these values may also be 0.85(F,)r 0.85(Fyh

used to approximate values for other
aluminum alloy plate)

75S-T6 extrusion 0.98(Fftr 0.98(FtY)2 14S-T6 extrusion 0.97(Fth O.98(Fy4

*-Die forgings ordinarily do not have a definite and predictable grain direction; the 'N' values
given are properties across the parting plane and ordinarily need not be used elsewhere.
NOTE:-Subscript T = long - transverse grain direction

Subscript N = short - transverse grain direction

80 Page 1.6200-5
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i

Determine

ei, W, Lt , tAt( Py

(M i)Lug
(use appropriate subscript; z, B, or ,for-eacli lug; t used- a.s exap)

Allowable shear-bearing ultimateq Ioad.
{(Pb,) 2 = K1.(Ft.)g A~j±

Kb from figure 1.6200-8

Allowable tensile ultimate load:
(P.), = K (Ft.) At

tK from figure 1.6200-7

Allowable y;eld load: (M.S.j) =

Kt, from figure 1.6200.9

l (_ote: YieJf test for Iu should always be checked as it is
f.¢.eTuentl reached ata lower load than.would be
an tipated from the r4tio ̂ of yt.. to Fw for the
material)

(use proper subscript; 1, B or. for each bushing 2 used as etamp.le)

Allowable yield bearing load:

(Pbry)2 = (1.85 Fcy Ab .-

Takethesmaler of (P 4,and (P), (MS )lf--bl Pd2

[W J
Compute

1fi0e 8\1D

r I *

lkD 2 tJ.P/



Determine T from Figure 1.620010 ancLb from TUbk 1.620O-L Thef &fator
Tcorrects for the fact that the load on the pin is not umifordioy&trbte.

- Calculate the maximum bending moment
Mp4= Kb (P)1 (in-hiPS) r~b fi=nTable 1.620-1)1-

b (kei)

Maximum calcuae sha strs

fs=1-33 K(P)i (kal)

K. from Table 1.6200-1

AA;

j)) +A)
(cP

iU 1.62-4

- V may be loaded either obliquely or transverse to the axial direction as
shown in figure 1.6200-4. An empirical correction factor was determined experi-
mentally from tests to take this type of loding into account. The empirical curve
is shown in figure 1.6200-11. Multiplication of the axial allowable load of the lug
by this correction factor gives the allowable load when the load is applied at an
adle to the axis of symmetry.

It should be noted that the allowable transverse load should never be taken
as le than that which could be carried by cantilever beam action on the area
A, as shown in figure 1.6200-4(c).

This load is very approximately indicated by the curve shown in Fi-ue
1.6200-12. If Ktm is below the curve, make a separate cantilever beam action
for section Ai. Pogo 1 0-7

(levised: 3.23-5&)
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M - 0 4

SThe minimum tranweme allowvble load may be cdted . fb~nm

Allowabl ufrimat lad

__Alwable yield load

I l.627(k SPEcA MOTUS AND AMU~lOTWJ

(A) ALLOWAM& 9AMV~ 5SSW O(X AT~
Rerde (a) lsts for the perdnent. materials the applicabl. alues of slowabke

-bearing stress fo values of 1.5 and 2.0, but they are only valid ki P les than
or equal to 5.50.

For geometrical conditions outside of the above rma-nes, the allowable bearMi
stres may be detesmiaed in the following manner:

(i) Ultimate allowable bearing stre=;

For particular 2 and 1- obtain Kb, from figure 1.6200-S. Then

Fb, = Kt ,~ (Ft.)z
(ii) Yield allowable bearing stre; use the Kt of (i) as the abscisa for

SFigre 1.6200-9 and obtain Kt,,. Then

Fby = Ky Kby (?ty)g
(B) i GULAR LUG Sn.I0!ON - M 'A&RIO LOAD V3RM= OVq

For lugs of irregular section having bearing stre= distribted over the entire
thicknes, an anaysis should be made based on an equivalent lug with kmtaular
sections having areas equal to the original sctios.

Example:

A

[I D , S A-A
2

Solid lines show actual lus. tfted hnos show equivalent lus for calculation.

Page 1.6200-8 (Revised: 3-23-56)
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f-e

DD

4 -F-

MY=~ 1.6210-6
Iftehois tea ctricasshwninFigre1.20.6a)z (x ewan e

plying them by -

el + e2+2D
2e, + 2D

Exw:O@ - AxeI Load
Consider the three lug-.-n combination shown, (comparable to Iigure

1.6200-2(a)).
Determine the minimum M.S. for an applied axial load of

P., (ultimate) = 150 Icips
P., (yield) = 100 bips

The lug is made of 70758-T6, the bushing is 4130) steel (hardened) and thef

pin is 4340 steel (180-195 ksi).
-0 2.97-

0 .7---------

G4 1oe 176~



Load Distribution: (refer to Table 1.6200-1-)

i- ( ,, =75 16ps
-p11 2~' 2

(P)N2 = P=150 Ips
(PY), = P,. 100 kips

1. Check lug 0:

(a) (e= 1.31 (W = 2.07 (2)= 1.915

(A.), = 1.150 in
(Ab) = 1.077.in2

j(b) (Pr- = [K1 1 (Ft.)& AIJi
(Kil), - 1.21 (Figure 1.6200-7)
(Ft.z = 68 ksi (Reference (a))

= .21 (08) (1.077) = 8.7 Is

88.7

(M.S.). = t-1 = .18

(Kt.), = .963 (Figure 1.6200-8)

(Pt.),= .963 (68) (1.150) = 75.3 kips
K; 75.3

(M.S.)t. = -- 1i = .002
75

(d) (P), = [Kigy (Fty)g Ab j,
4 (1 ,y) = 1.06 (Figure 1.6200-9)
KI (Fty)g= 58 ksi (Reference (a))

(P) 1 = 1.06 (58) (1.077) = 66.3 kips

(M.S., 3 = - - 1 = .32-"-- -"50

2. Check Bushing:
It (Pby), = 11.85 Fy At.]

Fy= 62 ksi (Reference (a))

(Pty)= 1.85 (62) (1.077) = 123.6 kips
M.S. = Exc.

3. Check Pin:

(a) r = -- j= (1.31 - .50) 1.915 = Y552

Page 1.600-1085y', 85
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() n 75.3 Idp3
k. (b) ,J,,,,, = 7. (F --j

= 1.028 .I I~Ab-, MJJg

y = .508 (Figure 1.6200-10)
. b = .250 (2t, + 4g + y ts) (Table 1.6200-1)
Kb = .250 12(.75) + 4(.23) + .508(.75)1 = .700-in.

(C) M = Kb(Pjt .700(75) 52:5 in-kips
(d) Mc Il( b o n = .291 iW3

fb 52.5/.291 = 180.2 ksi
Fb 285 ksi (Reference (a))":"M .S . = E xc.

(e) f, = 1.33 K(PZ)I/Ap K. = 1.0 (Table 1.6200-1)
A, = 1.622 in,

f, 1.33(1.0) (75)/1.622 = 61.5 ksi
F, = 105 ksi (Reference (a))

105 [
M r.S. = - -!=.736

The minimum M.S. is .002 and the lug is critical in net tension.
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FIGURE 1.6200-7: TENSION EftICIENCY FACT02S FOR LUGS

2.0

04 05 0.6 0.7 0.8 0.9 1.0

HOLE DIA. ~ Pt. KtA(= j

STEEL ALLOYS (ANC-5a) TABLE 2.111 b: USE CURVE 1 HAYC1 FORGED BILLET

ALUM. CASTINGS 195-T6, 220-T4 &356-T6: USE CURVE 5 14S-T6

BAR DIE F01G.0 EXT. PLATE ;9144(U >4t)361 >6 *

L T T N L f N 11,1 7) L,11 fl,) N 75S-T6

-- -- -- -- -- -- -- -- 0.5 0.5! 1- >1.0 S3( 36&L ;91611 >16M1
14S-TO 6 1 2 4616 2 6

t 245-T6,42 4 4 6 '3131314 4 4 6

755-T6 1 I616 01[21612~21 21 46 2 14 14 15 16

NOTES:
t NUMBERED CURVES APPLY TO THE MATERIALS NOTED IN TABLE
t LEGEND: 1, T AND N, INDICATE GRAIN IN DIRECTION "C" 1.4 SKETCH

L = LONGITUDINAL (WITH)
T = TRANSVERSE (CROSS)
N = SHORT TRANSVERSE (NOMMAL)

FOR DIE FO2G!INGS 'N' DIRECTION EKISTS ONLY AT THlE PAR-vING PLANE
* NUMERALS INDICATE TH4ICKNESS OF PLATE AND/OR AREA OF BILLET
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FIGURE 1.6200-10- PIN BEARING MOMENT REDUCTWX~ FACTORS

1.0

V.9i

4~M. j ;g, nnv/ br WX tika

IDN D
-- 7 2) I. 1

NOTE:
DASH LIN3S INDICATE REGION WHERE TH4E02ETICAL CURaVES
HAVE NOT K~EN SUBOSTANTIATED BY TEST DATA
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Li FFIGURE 1.163O-i COLUMN CURVES-LONGITUDINAL-STAINLESS
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I R~FGURE 1.16M0.: COLUMN CURIVES-ALLOY SlEE
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